Introduction: Adequate treatment of acute urinary tract infections (UTIs) in children depends on knowledge of the local pattern of causative pathogens and associated risk factors. We explored these patterns and risk factors in a group of Sudanese children who attended the emergency department of Gaafar Ibn Auf Pediatric Hospital in Khartoum, Sudan, with symptoms of acute UTI.
Introduction
Urinary tract infection (UTI) is a common disease in pediatric practice. Early diagnosis and prompt treatment can reduce the risk of renal scarring and its long-term sequelae such as hypertension and end stage renal failure [1, 2] .
Adequate treatment of acute UTI depends on knowledge of the local pattern of causative pathogens, their antimicrobial resistance and the associated underlying risk factors. The changing pattern of antimicrobial susceptibility of bacterial pathogens causing acute UTI is a growing problem. Sudan is a third world country in which drug prescription is not under strict control. Consequently, many organisms including those causing acute UTI may ultimately develop high resistance to many antibiotics in current use. Moreover, organisms not known to be common in causing acute UTI may emerge as important causative pathogens. Therefore, the knowledge of the local pattern of urinary pathogens and their susceptibility to various antimicrobials are essential for selection of the appropriate empiric therapy for children with acute UTI.
This study was conducted with the aim of studying potential risk factors and local patterns of causative organisms and antimicrobial susceptibility in Sudanese children with acute UTI in order to evaluate new options for empiric therapy.
Methods
This is a prospective hospital based study conducted in the emergency department of Gaafar Ibn Auf Pediatric Hospital in Khartoum, Sudan. This emergency department serves a large population of children in Khartoum State and its suburbs, and accepts children in the age range of one day to sixteen years. Admitted All cases were initially screened by urine dipstick testing (nitrate and leuckocyte esterase) and urine microscopy. Urine samples were collected using mid stream method in toilet-trained children and using clean-catch methods or sterile bladder catheter in younger children and infants. Urine samples from dipstick positive cases were then sent for culture and in vitro sensitivity testing. Culture was done on Cystine Lysine Electrolyte Deficiency (CLED) media with semi-quantitative testing. Culture was considered positive if a single organism was isolated in the presence of a bacterial growth of more than 100,000 CFU/ml. Sensitivity was tested using the gel diffusion technique on Muller and Hinton agar.
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Ultrasound scan was requested for all culture positive patients. Based on the American Academy of Pediatric guidelines, micturition cystourithrogram (MCUG) was requested for children confirmed to have UTI if they were in the age range of 2 months to 2 years, or had family history of vesico-ureteric reflux (VUR), or had ureteric dilatation, pelvi-calyceal dilatation (PCD) or hydronephrosis on ultrasound scan (USS) [1] .
Ethical approval was obtained from the University of Khartoum ethical committee. The researchers obtained verbal consent from the parents of each child before inclusion in the study.
Data was analysed using the Statistical Package of Social Science (SPSS) computer program version 15.0. Proportions were compared using Chi square test; P values < 0.05 were considered statistically significant.
Results
Out of 400 children suspected of having acute UTI, 221 (55.2%) had positive urine dipstick testing for nitrate and leuckocyte esterase, i.e. bacteruria, and their urine samples were sent for culture. Of these, 100 patients (45.2%) had significant growth on urine culture and fulfilled the criteria for the diagnosis of acute UTI. Children confirmed to have UTI had a mean age of 3.4 years (SD 3.6, range 15 days -14 years), and infants constituted 35% of them. The majority of children with UTI were males (53%), the majority of whom were below 5 years of age (74%). The male-female ratio of affected children was 2.1:1 among infants, and 1:1.2 among older children. Uncircumcision was more prevalent among children confirmed to have UTI (77.8% versus 60.6%, P = 0.04) than children with non-signifiacnt bacteruria. Young age (< 1 year) was also more prevalent in children comfirmed to have UTI than children with non-significant bacteruria (35% versus 18.2%, P = 0.008). Gender, history of UTI, constipation and pinworm infestation were not significantly different between the two groups ( Table 1) .
Among culture positive specimens, E. coli was the most commonly isolated pathogen (60%), followed by other Gram-negative organisms like Klebsiella (12%) and Enterococcus faecalis (10%) (Figure 1 ).
In vitro sensitivity testing showed that the mean susceptibility of the isolated pathogens was high to gentamicin (96%), ciprofloxacin (94%), ceftriaxone (90%), and cefixime (85%), while it was moderate to cefuroxime (75%), nalidixic acid (74%), and nitrofurantoin (70%), and low to cephelexin (51%), cotrimoxazole (26%), amoxicillin-clavulanate (19%) and ampicillin (14%). E. coli had similar pattern of antibiotics susceptibility (Tables 2-3) .
USS was feasible in 89 out of 100 children with confirmed UTI (89%). Twenty-nine children had abnormal USS findings (32.6%); six children had renal stones and 23 children had variable urinary tract dilatations.
Because of some difficulties it was not possible to do micturating cysto-urethrogram (MCUG) for all patients in whom these tests were indicated. MCUG was indicated for 28 children, but was feasible in only 15 children. MCUG was done 4-6 weeks after the diagnosis of UTI. The results showed low-grade (I-II) vesico-ureteric reflux (VUR) in five children; three females and two males. DMSA scan was not done for any child.
Discussion
The predominance of females among children affected with acute UTIs in this study, except during infancy, is consistent with many previous reports [3] [4] [5] [6] .
The role of male circumcision in preventing UTI in male infants is controversial. Some studies have suggested that circumcision protects against or prevents recurrence of symptomatic UTI in male infants [7] . However, the American Academy of Pediatrics Task Force on Circumcision considered such data insufficient to recommend routine neonatal circumcision [8] . In this series, uncircumcision was significantly more prevalent among children confirmed to have UTI compared to children with non-signifiacnt bacteruria. This finding suggests that uncircumcision may predispose male children to acute UTIs, and is supported by previous studies among Sudanese children [9] [10] [11] .
Shaikh et al conducted a meta-analysis to determine the pooled prevalence of urinary tract infection (UTI) in children by age, gender, race, and circumcision status. They showed that among febrile male infants less than 3 months of age, 2.4% of circumcised males and 20.1% of uncircumcised males had a UTI [12] . In another metaanalysis of 12 studies on male circumcision, including one randomized controlled trial, it has been shown that circumcision was associated with a significantly reduced risk of UTI with an odds ratio of 0.13 [13] . However, given the low risk of UTI in normal boys, the authors concluded that clinical benefit is likely only in boys at high risk of UTI [13] . In this series of Sudanese children, E. coli was the commonest pathogen causing acute UTI, accounting for 60% of cases. This conforms to previous reports from Sudanese children [9, 10, 11] as well as reports from other parts of the world [3, 6, [14] [15] [16] .
Isolates causing UTI in children were resistant to cotrimoxazole, ampicillin and amoxicillin-clavulonate in our series, which is consistent with previous reports from Sudan [9] [10] [11] as well as reports from other countries [3, 6, [14] [15] [16] . The high resistance to amoxicillinclavulanate shown in this and other studies reflecs the growing resistance of urinary pathogens to conventional antibiotics, but alarmingly, resistance seems to be emerging even to recently introduced antibiotics.
Susceptibility was high to gentamicin, ciprofloxacin, and third generation cefalosporins, conforming to data from Tunisia, Turkey, Iran and Taiwan [3, 4, 14, 15] . Therefore, we suggest the use of gentamicin and ceftriaxone as first-line parenteral empiric therapy for acutely ill children with UTI. Cefixime can be used for those who can tolerate oral medication [17] . Moderate susceptibility to nalidixic acid and nitrofurantoin is consistent with reports from Yemen [6] , although high sensitivity was reported from Turkey [14] .
Among the 15 children who underwent MCUG, results showed low grade VUR in five children (5%). This may not reflect the true prevalence of VUR in our setting since an MCUG was done for only half the children in whom it was indicated. However, this prevalence is much lower than figures reported in the literature, whereby 30-35% of children presenting with their first acute UTI were found to have VUR [18] .
Conclusion
E. coli was the commonest causative organism of acute UTI in our setting. Isolated pathogens were highly resistant to conventional empiric therapy such as first generation cephalosporine, cotrimoxazole, ampicillin and amoxicillin-clavulanate. With the exception of male uncircumcision and infancy, no other risk factors were significantly associated with UTI among patients subjected to urine culture. It is difficult to conclude on the contribution of VUR to acute UTI in our series because of the small number of patients investigated.
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